Recently, it has been reported that circulating oxidized low-density lipoprotein (Ox-LDL) might be a pivotal indicator for coronary artery disease and the severity of acute coronary syndromes. The purpose of this study was to investigate the effects of statins on Ox-LDL in patients with hypercholesterolemia.
Recently, it has become possible to measure circulating oxidized LDL (Ox-LDL). It was demonstrated that an elevated level of plasma Ox-LDL was associated with the existence of CHD 6) and the severity of acute coronary syndromes (ACS). 7) In addition, Hulthe, et al demonstrated that the circulating Ox-LDL was associated with the development of subclinical atherosclerosis and inflammatory processes. 8) Therefore, it would appear to be important to control the plasma level of Ox-LDL in patients with subclinical atherosclerosis as well as stable, unstable ischemic syndromes.
We were unable to find in the literature any reports concerning the effects of statins on circulating Ox-LDL. Several statins can be used clinically. We were particularly interested in fluvastatin, which reportedly has radical scavenging activity and is effective in the oxidative modification of LDL-C, [9] [10] [11] and pravastatin which is used worldwide. The purpose of this study was to investigate the effects of fluvastatin and pravastatin on circulating Ox-LDL. The plasma level of Ox-LDL was measured by a sandwich enzyme-linked immunosorbent assay (ELISA) method, which is a sensitive assay using a monoclonal antibody (DLH3) 12, 13) recently developed by Itabe and Kohno.
METHODS
This study is a prospective, randomized trial to investigate the effects of fluvastatin and pravastatin on the plasma levels of Ox-LDL. At our outpatient clinic, we examined 16 patients with hypercholesterolemia (men: n = 5, women: n = 11), who were randomly divided into 2 groups; a fluvastatin group (n = 8) and a pravastatin group (n = 8). Informed consent was obtained from each subject, and our study protocol was approved by our institutional review boards. All subjects were asked about their medical history and life-style including smoking status, consumption of red wine and other beverages, antioxidant vitamin use, and dietary intake of selected foods. Fluvastatin or pravastatin was administered for 12 weeks orally to the groups without any life-style modification. Standard doses for both drugs (fluvastatin, 20 mg per day and pravastatin 10 mg per day) were used. At the start and end of the study, venous blood samples were withdrawn after a 12 hour-fasting period, with no alcohol intake during the previous 24 hours and no smoking in the morning on that day. The blood samples were collected in EDTAcontaining tubes and centrifuged at 3000 g for 15 minutes at room temperature within 20 minutes. The plasma was collected in antioxidant-containing tubes and stored at 0°C. The plasma levels of total cholesterol (TC), triglycerides (TG), LDL-C, high-density lipoprotein-cholesterol (HDL-C), lipoprotein(a) (Lp(a)), and Ox-LDL were also measured.
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Laboratory assays: The plasma TC, TG, LDL-C, and HDL-C levels were measured using established methods with commercial kits. The plasma Ox-LDL assays were performed by Kyowa Medics Corporation according to the assay described by Kohno, et al. 13) The method includes sandwich-type ELISA using anti-oxidized phosphatidylcholine monoclonal antibody (DLH3) and anti-human apolipoprotein-B antibody. Statistical analysis: The data are presented as the mean ± SD. Whether the data were normally distributed or not was examined using the Kolnogrove-Siminov test. If the data were normally distributed, the unpaired t-test was used to compare between the two groups, otherwise the Mann-Whitney U-test was used. Discontinuous parameters were compared by χ 2 analysis. The correlation between the baseline plasma levels of LDL-C and Ox-LDL was assessed with the Pearson correlation and scatter plots. A P value < 0.05 was considered to be statistically significant.
RESULTS

Baseline characteristics:
The baseline characteristics for each group are summarized in Table I . The plasma Ox-LDL and lipid levels were similar in the 2 groups at baseline. There were no significant differences in the frequency of coronary risk factors between the 2 groups. None of our subjects was taking antioxidant supplements and none were habitual consumers of red wine. Before intervention, the plasma level of Ox-LDL in our cohort did not correlate with that of LDL. 
Changes in plasma levels of TC, TG, LDL-C, HDL -C, and Lp(a):
In both the fluvastatin and pravastatin groups, the plasma levels of TC and LDL-C decreased significantly after treatment (Table II) . Pravastatin and fluvastatin resulted in 12.7% and 14.1% reductions in the plasma levels of TC and 21.5% and 15.1% reductions in LDL-C, respectively. The percent reduction in TC and LDL-C did not differ significantly between the two groups (P = 0.66, P = 0.19, respectively). The percent reduction in the plasma levels of oxidized low-density lipoprotein was significatly higher in the fluvastatin group than in the pravastatin group (47.5% versus 25.2%, P = 0.033).
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Although the plasma levels of TG decreased and the plasma HDL-C levels increased after treatment in both groups, both changes were not significant. Changes in the plasma levels of Ox-LDL: The plasma levels of Ox-LDL in the pravastatin and fluvastatin groups decreased significantly after intervention (P = 0.003, P = 0.010, respectively) (Table II) . The percent reduction in the plasma levels of Ox-LDL was significantly higher in the fluvastatin group than in the pravastatin group (47.5% versus 25.2%, P = 0.033) (Figure 1) . Furthermore, the Ox-LDL/LDL-C ratio in the plasma decreased significantly in the fluvastatin group (P = 0.026) (Table II) .
DISCUSSION
As an atherogenic factor, Ox-LDL has been reported to have various actions resulting in the chemotaxis of monocytes, the up-regulation of endothelial adhesion molecules, stimulation of growth factor and chemokine expression, and proliferative effects on smooth muscle cells and monocytes. 14, 15) In addition, the cytotoxicity of Ox-LDL from cultured endothelial cells has been clearly demonstrated to be atherogenic. In a pathophysiological study, Ox-LDL was shown to accumulate in atherosclerotic lesions. 16) Although the origin and physiological significance of the circulating Ox-LDL have not been fully clarified, it is believed to originate from atherosclerotic lesions. It is also possible that LDL-C is modified to Ox-LDL during circulation by free-radicals or other molecules. Toshima, et al reported that Ox-LDL was significantly elevated in patients with CHD. 6) Ehara, et al also showed the clinical relevance of circulating Ox-LDL to the severity of ACS. 7) Furthermore, circulating Ox-LDL was found to be correlated with inflammatory cytokines and clinically silent ultrasound-assessed atherosclerotic changes in the carotid and femoral arteries. 8) Accordingly, it is believed circulating Ox-LDL may be a potential key marker for atherosclerosis and CHD.
The present study proves for the first time that statins can significantly decrease circulating Ox-LDL. It also has demonstrated that the lowering action of fluvastatin on Ox-LDL was stronger than that of pravastatin, while the reductions in LDL-C were not significantly different between the two statins. Fluvastatin has been reported to show radical scavenging activity based on its structure and to reduce the susceptibility of LDL to lipid peroxidation. 10) The results of the present study suggest that fluvastatin could decrease circulating Ox-LDL by not only a lipid-lowering effect, but also by a direct action on the oxidative modification of LDL. Recently, Serruys, et al in the LIPS trial have demonstrated that fluvastatin significantly reduced the risk of cardiac events following percutaneous coronary intervention. 17) In this trial, the mean baseline LDL-C was 132 mg/dL, which was the lowest range of those reported in previous major long-term secondary preven-tion statin trials. [18] [19] [20] Furthermore, in the CARE and LIPID trials, the benefits of pravastatin were diminished in patients with baseline LDL-C values less than 130 mg/dL. 19, 21) In contrast, LIPS showed that the benefit of fluvastatin is equal regardless of the baseline cholesterol values, indicating that fluvastatin has beneficial effects other than its lipid-lowering effect in cardiac events. Recent reports have demonstrated that in addition to their lipid-lowering effects, statins have many pleiotropic effects, such as inhibiting oxidative stress, improving endothelial function, decreasing vascular inflammation, and enhancing plaque stability. Since the chemical structures of statins are distinct from each other, the potencies of their pleiotropic effects are also considered to be different. In addition to its antioxidant activity, fluvastatin may have more potent pleiotropic effects than pravastatin. Conclusion: The present report documents a novel observation that statin therapy results in a significant reduction in circulating Ox-LDL. Furthermore, fluvastatin is more effective than pravastatin in lowering the level of circulating Ox-LDL. In order to elucidate whether treatment for circulating Ox-LDL will have an impact on the development of CHD and ACS, and whether fluvastatin with its direct antioxidant activity will have a beneficial effect on the prevention of the cardiac events, further investigations should be conducted.
